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Spontaneous motility~ Testosterone-induced motility~,b 
ICT* (mg) Re a (C/10 min) TTC * (rag) ICT f (mg) Re a (C/10 min) TTC ~ (rag) 

8.5 mM 17.0 mM 8.5 mM 17.0 mM 8.5 mM 17.0 mM 

59.0 -t- 8.8 13.5 • 1.5 0 41.0 ~ 9.7 56.0 • 17.3 11.0 • 1.4 17.0 • 4.3 205.0 • 32.0 290 • 33.0 

(37) (37) (37) (10) (6) (10) (6) (10) (6) 

Mean values • SEM; figures in the parentheses indicate the number of isolated epididymis studied, b Final concentrations in the 
tissue bath solution, o Isometric contractile tension (ICT) of phasic cycles of tension development followed by a complete relaxation down to 
the point of the tissue resting or basal tension, a Rate of contraction (RC) represents the number of phasic contractions (C) in a period of 10 
min. ~ Tension of tonic contracture (TTC) developed above the resting or basal tension of the tissue, i.e. the mg developed in a tonic sustained 
contraction. ~ Testosterone-induced, isometric contractile tension (ICT) of superimposed phasic cycles i.e. a process of tension development 
followed by a cmnplete reIaxation down to the point of TTC elicited by testosterone which is always above the resting or basal tension of 
tissue. 

(Table). The tonic  contrac t i le  ac t iv i ty  elici ted by  tes to-  
s terone  appeared  in mos t  cases af ter  few minu tes  following 
its addi t ion ,  b) Ef fec t  of indomethac in ,  p h e n t o l a m i n e  or 
a t rop ine  on the  cont rac t i le  response induced  by  tes to-  
s terone in cauda  e p i d i d y m i s  The repea ted  add i t ion  of 
tes tos terone ,  up to 3 consecut ive  t imes,  each one preceeded 
by several  washings,  had  a s t imula t ing  influence compar-  
able to  t h a t  a l ready  descr ibed in t he  previous  section.  
Figure  2 shows t h a t  th is  effect  of t e s tos te rone  was blocked 
by  phen to l amine  (n = 10) or i ndomethac in  (n = 9), 
bu t  no t  by  a t rop ine  (n = 6). On the  contrary ,  ne i ther  
phen to l amine  nor  i ndomethac in  a l tered the  s t imula t ing  
influence of PGF~= on ep id idymal  moti l i ty .  

Discussion. In  the  p resen t  s t u d y  the  in v i t ro  exis tence 
of spon taneous  mot i l i ty  in cauda  ep id idymis  isolated f rom 
guinea pig was d e m o n s t r a t e d  for the  f i rs t  t ime.  The 
cont rac t i le  ac t iv i ty  had  phasic  character is t ics ,  and no 
spon taneous  inc remen t s  of basal  tonic  tens ion  were 
observed.  

Numerous  papers  d o c u m e n t e d  t h a t  t e s tos te rone  has an 
inh ib i to ry  effect  in vivo and in v i t ro  over  t he  funct ioning  
of the  s m o o t h  muscle  of some organs of t he  male  repro-  
duc t ive  t r a c t  such as seminal  vesicles, vas  deferens and 
testesS, z~ On the  cont rary ,  in t he  ra t  it  has  been  
found t h a t  t e s tos te rone  seems to  be i m p o r t a n t  for the  
ma in t enance  of ep id idymal  mot i l i ty  4-~5 We  have  
observed t h a t  th is  ho rmone  p roduced  a s t imula t ion  of 
ep id idymal  mot i l i ty  charac ter ized  by  a d i s t inc t  increase 
of its tonic  tension.  The super imposed  tes tos te rone-  
induced ICT was s imilar  in magn i tude  and f requency  to 
t h a t  of the  spon taneous  ep id idymal  cont rac t ions .  
On the  o the r  hand ,  the  s t imula t ing  effect  of t e s tos te rone  
d o c u m e n t e d  in the  p resen t  s t u d y  seems to  be indi rec t ;  
indeed i t  was abol ished by  the  presence  of indomethac in ,  a 
wel l -known inh ib i to r  of the  synthes is  of p ros tag land ins  ~6 
and by  phen to lamine ,  an a lpha  adrenergic  receptor  
blocking agen t lL  I t  m u s t  be s t ressed t h a t  t he  inh ib i to ry  
inf luence of these  agents  upon  the  effects of t es tos te rone  is 
no t  non-specific,  because  b o t h  drugs failed to  al ter  
ep id idymal  contract i le  responses  to  PGF~-~. 

The p resen t  expe r imen ta l  resul ts  suggest  t h a t  tes tos-  
te rone  s t imula tes  cauda ep id idymal  smoo th  muscle by  

means  of an indi rec t  mechanism,  p r e sumab ly  associated 
wi th  endogenous  noradrena l ine  and /o r  pros taglandins .  
Fur the rmore ,  t he  pa r t i c ipa t ion  of cholinergic influences 
does no t  seem to p lay  any  role in the  inotropic  effect of 
t es tos te rone  18 

Rdsumd. Les auteurs  d4cr ivent  la mobil i t6  spontan6e  
de  la p a t t i e  caudale isol6e de I '6pididyme du cobaye.  
Cet te  mobil i t6 se caract6rise par  des con t rac t ions  cycl iques 
r6guli~res et  fascicul~es. Le tes tos t4rone  d4clanche une 
con t rac t ion  soutenue  avec des phases  cycliques surajou- 
t6es, bloqu~es par  la p h e n t o l a m i n e  ou l ' indom6thacine ,  
mats  non  par  l ' a t ropine .  
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Effect  of 6 - A m i n o - N i c o t i n a m i d e  on the T o l e r a n c e  of Mice  to H y p o x i c  H y p o x i a  

In  general,  no rmal  func t ion ing  of the  bra in  and 
consequen t ly  the  survival  of the  whole organism in an 
a tmosphe re  low or def ic ient  in oxygen are prec luded by  
the high caloric r equ i r emen t s  oI t he  ma tu re  cent ra l  

nervous  organ. Al though  anaerobic  glycolysis  is ini t ial ly 
s t imula ted  by lack of oxygen  1, the  yield of energy  is too 
low to ma i n t a i n  normal  cellular nletabol ism,  and  anaero- 
bic glycolysis  i tself will rap id ly  cease under  these  condi-  



1066 Speeialia EXPERIENTIA 30/9 

Table I. Tolerance to hypoxia (5% 02-95 % N2) of mice treated with 6-ANA (35 mg/kg body wt.) compared to untreated controls 

Treatment Body wt. (g)~ Body temperature (~ Blood glucose Survival time 
(mmoles]l) (min) 

Controls Normothermie 31.1 :j: 0.8 39.0 4- 0.3 9.04 ~z 0.92 3.93 j :  1.14 
(8) b (38.6 -39.3) (2.23 --5.40) 

Controls Hypothermic 33.1 -t- 1.0 34.9 ~ 4- 1.0 10.41o 4- 0.86 3.96 :[: 1.58 
(8) (32.8 -35.8) (2.16 -7.00) 

6-ANA 31.1 4- 1.0 35.9 ~ q- 1.4 12.30o 4- 0.96 21.70 ~ 4-9.29 
(8) (34.0 -38.0) (11.0 -30 d) 

Values are means 4- standard errors, with ranges in brackets. * Initial measurements, b Number of animals per group, o p < 0.01 compared 
to normothermic controls as determined by the one-way analysis of variance, a 4 out of 8 mice were still alive when the exposure to hypoxia 
was discontinued after 30 min. 

t ions. Of the  glucose ut i l ized anaerobical ly,  a por t ion  
enters  t he  so-called hexose  m o n o p h o s p h a t e  shun t  in bo th  
newborn  and adul t  animals2-5 , p rov id ing  a source of 
hexosephospha t e s  and  t r io sephospha te  a l te rna t ive  to  the  
E m b d e n - M e y e r h o f  cycle. Recen t ly  6-amino-n ico t inamide  
(6-ANA) was found to be a specific inhib i tor  of the  hexose  
m o n o p h o s p h a t e  shun t  ~. In  the  p resen t  s tudy,  th is  agent  
was  given to  mice  to be exposed  to  modera t e  t hough  le thal  
hypox i a  in an a t t e m p t  to  ascer ta in  the  role of th is  me ta -  
bolic cycle dur ing  hypox ia  of the  brain.  

In  detail ,  male N M R I  mice were given 35 mg 6-ANA/ 
kg body  weight  i.p. and  app rox ima te ly  6 h later  hypox ic  
survival  t imes  were de t e rmined  by  placing indiv idual  
animals  in shor t  lengths  of glass t ub ing  t h rough  which  a 
mix tu re  of 5% O~ and  95% N~ was led. F low was ad jus ted  
by  bubbl ing  the  gas mix tu re  t h rough  gas washing  bott les .  
Of these tubings ,  6 were m o u n t e d  on a rack, and it was 
thus  possible b o t h  to  p roduce  'explos ive '  hypox ia  7 in 6 
animals  s imulta l leously and  to  observe t h e m  individual ly.  
The obse rva t ion  was d i scon t inued  when  even gasping 
had  s topped  comple te ly  or when  animals  l ived beyond  
30 rain of hypoxia .  Body  t e m p e r a t u r e  was measured  by  
inser t ing  the  t ip  of a the rmocouple  of an electronic 
measur ing  device (Tas to therm P1, Braun  AG) into the  
r ec tum to a d e p t h  of abou t  10 ram. 6-ANA is well known 
to lower body  t e m p e r a t u r e  s and  for appropr i a t e  hypo-  
the rmic  controls  an open jar  wi th  4 u n t r e a t e d  mice each 
was placed in an ice b a t h  of 0~ t empera tu re .  The 
t e m p e r a t u r e  inside the  jar  averaged 8~ and  wi th in  
30 min  body  t e m p e r a t u r e  d ropped  to abou t  35 ~ Venous 
blood (10 ~zl) for the  de t e rmina t i on  of blood glucose levels 
by  a micro m e t h o d  s was ob ta ined  f rom the  tai l  vein. 

Table II. Tolerance to hypoxia (5% O2-95% N2) and to anoxia 
(100% N~), respectively, of mice treated with 6-ANA (35 mg/kg 
body wt.) and made hyperglyceinic in addition 

Treatment Body Blood glucose" Survival time 
weight (g) (mmoles/1) (min) 

6-ANA + hypoxia 31.3 J: 0.6 19.72 -[: 2.81 22.21 ::t= 11.27 
(8 )  ~ ( s . 5 0  - 3 0 b )  

6-ANA + anoxia 25.9 4- 0.5 19.62 ~ 2.49 0.63 4- 0.10 

0.4 Inl of a 10% solution of D-glucose was injected i.p. approximat- 
ely 6 h after the adnlinistration of 6-ANA and blood was obtained 
20 Inin later for the determination of blood glucose. Exposure to the 
experimental atmosphere was begun inlmediately thereafter, b 5 OUt 
of 8 animals were still alive at the end of the 30 min observation 
period. 

Table I shows the  results  of expe r imen t s  on the  tole- 
rance to  h y p o x i a  of n o r m o t h e r m i c  and h y p o t h e r m i c  
controls  and of mice t r ea t ed  wi th  6-ANA. The animals  
of b o t h  control  groups rap id ly  succumbed  to hypoxia ,  the  
ma jo r i t y  wi th in  less t h a n  5 rain. In  contras t ,  6-ANA 
str ikingly prolonged the  survival  periods,  some animals  
s tay ing  alive for more  t h a n  30 rain, i.e. indef in i te ly  for 
prac t ica l  purposes.  Appa ren t l y  th is  inhib i t ing  agent  
exer t s  a p ro tec t ive  ac t ion  towards  the  effects of hypox ic  
hypoxia ,  conceivably  th rough  e i ther  one of the  following 
ways:  low body  t empera tu r e s  grea t ly  depress  the  meta -  
bolic ac t iv i ty  of the  bra in  10, t h e r e b y  ex tend ing  the  survival  
per iods  of expe r imen ta l  animals  exposed to  hypoxia .  
Therefore  h y p o t h e r m i a  b rough t  abou t  by  6-ANA may  
account  for i ts  p ro tec t ive  act ion.  However ,  t he  da t a  
ob ta ined  wi th  t he  h y p o t h e r m i c  controls  indica te  t h a t  an 
average decrease of t he  body  t e m p e r a t u r e  f rom 39~ 
down to  abou t  35~ does no t  ye t  increase the  hypox ic  
to lerance of mice. Only in animals  whose t e m p e r a t u r e  was 
b rough t  down to  32~ was the  hypox ie  to lerance  seen to  
rise signif icantly.  Hype rg lycemia  due to 6-ANA m a y  be 
ano the r  d e t e r m i n a n t  in the  hypox ic  survival,  especially 
since glycogen stores,  a t  least  of liver, are also raised by  
6-ANA 11 and glucose levels of b ra in  are rap id ly  deple ted  
dur ing  hypox ia  12. H y p o x i c  survival  is, in turn,  enhanced  
by  hyperg lycemia  following oral in take  or in ject ions  of D- 
glucose~,l~ 14. No addi t iona l  effect  on the  hypox ic  
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Table III. Effect of 6-ANA (35 mg/kg body wt.) on blood glucose levels and body wt. in fed and starved mice compared to untreated starved 
controls 

Treatment Body weight (g) Blood glucose (mmoles/1) Hypoxic survival rates b 

1~ 2 1 2 

Controls, starved (8) 29.9 r =[: 0.7 27,9 :t: 1.0 8.87~ :k 0.45 7.46 • 0.68 - 

6-ANA starved (8) 30.5 ~ 4- 1.3 27.9 :J: 1.2 9.59 ~ :k 1.22 7.13 ~c 0.89 6 

6-ANA, fed (8) 31.1 a =[= 1.0 30.3 ~: 1.1 9.50 a ~ 0.94 13.40 :L 2.41 6 

Measurements were made prior to (1) and 6 h after the injection of 6-ANA (2). b Number of animals alive after 30 min of hypoxic hypoxia; the 
untreated controls were not subjected to hypoxia, o The values of body weight and blood glucose of untreated starved controls and starved 
treated animals were submitted to a two-way analysis of variance. There was a significant effect of time on weight and blood glucose in both 
groups (p < 0.01), differences between groups were not significant, however, a Differences were significant (p < 0.01) according to Students 
t-test for paired observations. 

to lerance of 6 -ANA- t rea ted  mice was seen wi th  an  injec- 
t ion  of D-glucose, even t hough  blood glucose levels were 
more  t h a n  twice as high,  compared  wi th  controls  (Table 
II).  Likewise the  combined  effects of 6-ANA and hyper -  
g lycemia  failed to enhance  the  to lerance  to  comlpe te  
anoxia.  

F ina l ly  ano the r  a t t e m p t  was made  to  ascer ta in  t he  
impl ica t ions  of blood glucose levels in the  hypox ic  toler- 
ance of 6 A N A - t r e a t e d  mice (Table III) .  W h e n  mice given 
the  usual  dose of 6-ANA were s t a rved  for 6 h, blood glu- 
cose levels were s imi lar ly  reduced  to  those  of s t a rved  
u n t r e a t e d  controls.  Thus  6-ANA-induced  hyperg lycemia ,  
which  is p r imar i ly  b rough t  abou t  by  c o n c o m i t a n t  rises in 
serum cor t icos terone  and adrenal ine  n ,  m a y  be pa r t l y  due 
to an impa i red  a l imen ta ry  glucose tolerance.  E v e n  more  
impor t an t ,  however ,  is the  ident ical  hypox ic  to lerance  in 
b o t h  6 -ANA-t rea ted  groups. 

Li t t le  or no effect  on the  hypox ic  survival  t imes  was 
an t i c ipa ted  to arise f rom the  blocking of the  hexose  
m o n o p h o s p h a t e  shun t  in v iew of i ts  minor  con t r ibu t ion  
to  the  overall  me tabo l i sm  of glucose~-K Indeed ,  r a the r  
t h a n  impa i r ing  the  hypox ic  tolerance,  6-ANA was found 
to effect  the  opposi te ,  indica t ing  t h a t  even hypox ia  does 
no t  challenge th is  a l t e rna t ive  glycolyt ic  pa thway .  Fur-  
the rmore ,  t he  resul ts  d e m o n s t r a t e  t h a t  t h e  enhanced  
hypox ic  to lerance  is not  re la ted to sys temic  effects of 
6-ANA like hyperg lycemia  or hypo the rmia .  Al though  an 
overall  depress ion of cerebral  metabol ic  ac t iv i ty  s imilar  
to the  one observed wi th  anaes the t ics  ~ canno t  be ruled 
by  the  p resen t  s tudy,  the  d a t a  m a y  also be cons is ten t  wi th  
t he  a s sumpt ion  t h a t  anaerobic  glycolyt ic  f lux is increased 
by  6-ANA. Dur ing  bra in  ischemia,  lac ta te  levels of 6- 

A N A - t r e a t e d  animals  rise more  rap id ly  and  to h igher  
levels t h a n  in control  animals  1~, poss ibly  as a resul t  of 
enhanced  glycolysis. W h e t h e r  such a mechan i sm actual ly  
applies dur ing hypox ia  remains  open at  present .  Tha t  
anaerobic  ut i l izat ion of glucose by  bra in  m a y  be effec- 
t ive ly  s t imula ted  by  pharmacologica l  agents,  is never the -  
less an in t r iguing possibi l i ty,  deserving close a t ten t ion ,  
also in view of possible impl ica t ions  in h u m a n  medic ine  27. 

Zusammenfassung. Eine  einmalige In jek t ion  yon  6- 
Aminon ico t inamid  (6-ANA) s teiger te  die Sauers tof fman-  
gelresistenz yon Mgusen in einer  Atmosph~tre mi t  5% O= 
und  95% N 2. Hype rg lykgmie  und I- typothermie,  sys temi-  
sche Wi rkungen  yon 6-ANA, k o n n t en  als Ursachen  der 
ges te iger ten  l~esistenz ausgeschlossen werden.  Es wird 
deswegen ve rmute t ,  dass 6 ANA die anaerobe  Ut i l i sa t ion  
yon Glucose im Gehirn f6rdert .  
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The Effect of Sal icylates  on P l a s m a  Fibrinolytic Activity in the Rat 

Circulat ing an t ip lasmins  have  been pos tu la t ed  to be in a 
dynamic  equi l ibr ium wi th  p lasmin  (fibrinolysin) and to 
compe te  wi th  f ibrin for its act ive site 1 Sodium salicylate 
was repor ted  to  inh ib i t  t he  b r eakdown  of f ibr in  by  
p lasmin  in v i t ro  2,a. On the  con t r a ry  several  syn the t i c  
a n t i i n f l a m m a t o r y  agents  have  been shown to  induce 
fibrinolysis in vitro 4,5. In this paper the effect of ad- 
ministering sodium salicylate i.p. or acetylsalicylic acid 
orally on the plasma fibrinolytic activity of rats is ex- 
amined. 

Methods. Male Wis t a r  ra t s  weighing 180-250 g were 
in jec ted  i.p. wi th  sodium sal icylate dissolved in p h o s p h a t e  

buffer  0.12 M, p H  7.4 at  doses of 50 mg, 100 mg and 
150 mg/kg.  Acetylsal icylic  acid was given orally in the  
same doses af ter  mix ing  wi th  t r a g a c a n t h  powder  in the  
ra t io  2:1 to make  a g u m m y  suspension.  Control  ra ts  were 
given 0.9% sodium chloride solut ion i.p. or orally. Af ter  

1 C. M. AMBRUS and G. MARKU$, Am. J. Physiol. 799, 491 (1960). 
G. UNGAR, Lancet 2, 742 (1952). 

S G. UNGAR, ]~;. ~)AMGAARD and F. P. HUMMEL, Fedn Proc. 11, 165 
(1952). 

4 K. N. YON KAULLA, Arzneirnittel-Forseh. 78, 409 (1968). 
5 R. J. GRYGLEWSKI, J. Pharm. Pharmac. 18, 474 (1966). 


